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The in vivo hepatoprotective effects of Rhoicissus tridentata subsp. cuneifolia, a traditional Zulu medicinal plant, against carbon tetrachloride-
induced acute liver injury in rats were investigated. A group of male Sprague–Dawley rats were divided into three subgroups. Two subgroups
were injected with carbon tetrachloride (CCl4) and the other group with an equivalent amount of olive oil. Two hours after CCl4 intoxication one
of the two subgroups was administered with R. tridentata extract by stomach tube. The subgroup that received olive oil was sacrificed after 2 h.
Groups of rats from the other two subgroups were sacrificed at 24, 48 and 72 h after the respective treatments. The variables investigated were the
enzymes alanine aminotransferase (ALT), aspartate aminotransferase (ASP) and glucose-6-phosphatase (G-6-Pase). In addition lipid peroxide
(LPO) levels of liver homogenates as well as liver microsomal fractions were determined as malondialdehyde (MDA) levels. CCl4 intoxication
resulted in significant increases (Pb0.05) in all the variables investigated except G-6-Pase which was significantly decreased (Pb0.05). The
administration of R. tridentata extracts after CCl4 intoxication resulted in significantly reduced (Pb0.05) concentrations of ALT and ASP as well
as the levels of LPO whereas the concentrations of G-6-Pase were significantly increased (Pb0.05). From the results obtained during the present
study it could be concluded that R. tridentata has components that have hepatoprotective effects.
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Worldwide several people are suffering from hepatic damage
induced by alcohol and drug abuse (NIH Publication No. 94–
1447, NIDDK, 1994). The liver plays a major role in the diges-
tion, metabolism and storage of nutrients. Today an increasing
impact of liver disease and liver injury is being recognized.
Especially liver injury due to pharmacological treatment plays a
significant role. During recent years new insights have been
brought into the pathomechanisms of liver injury. In certain cases
this provides the basis for novel therapeutic strategies (Gerbes
et al., 2006).⁎ Corresponding author. Tel.: +27 51 446 3374, +27 82 326 9888 (mobile).
E-mail address: sterblan@absamail.co.za (S.E. Terblanche).
0254-6299/$ - see front matter © 2007 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2007.02.193Carbon tetrachloride (CCl4) is a toxic substance that is used to
induce liver damage in rats (Liu and Xiao, 1994; Mitra et al.,
1998; Lin et al., 1998; Ohta et al., 1998). CCl4 by itself does not
have cytotoxic effects on the liver but its metabolic products are
responsible for the toxicity (Berry et al., 1992; Recknagel and
Glende, 1973; Mitra et al., 1998). CCl4 can damage a number of
tissues particularly the liver and kidney of many species (Drill,
1952). Administration of CCl4 can cause cirrhosis (Cameron and
Karunaratne, 1936) and ultimately lead to hepatic carcinoma
(Reuber and Glover, 1970). Therefore CCl4, a hepatotoxin for
evaluating hepatoprotective agents, is commonly used to induce
liver damage by producing free radical intermediates (mal-
ondialdehyde and 4-hydroxy-2-nonenal) (Mitra et al., 1998).
Hepatic damage induced by CCl4 resulted in an increase in
serum aspartate transaminase (AST) and serum alanine trans-
aminase (ALT) concentrations (Berry et al., 1992; Mitra et al.,ts reserved.
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serum enzymes such as AST and ALT is generally regarded as
one of the sensitive markers of hepatic damage (Venkateswaran
et al., 1998).
It has been reported that CCl4 intoxication results in the
peroxidation of lipids and lipid membranes of rats (Ohta et al.,
1997). Ohta et al. (1997) observed an increase in lipid perox-
idation (LPO) as a result of CCl4 treatment. Lipid peroxidation
products also contribute to the oxidative inactivation of G-6-
Pase (Ohyashiki et al., 1995).
Studies on hepatotoxicity induced by CCl4 indicated that
hepatic damage can probably be prevented by some herbal
extracts (Liu and Xiao, 1994; Lin et al., 1998; Ohta et al., 1998).
Herbs are also known to play a vital role in the management of
various hepatic disorders (Liu and Xiao, 1994; Lin et al., 1998;
Venkateswaran et al., 1998). Hepatoprotective studies by Mitra
et al. (1998) showed that plants have active ingredients that are
capable of free radical scavenging in living systems.
The dependence of humankind on plants is as ancient as
evolutionary history. Rhoicissus tridentanta (L.F) Wild and
Drum subsp. cuneifolia, known as isNwazi in Zulu, is one of the
many plants in the Vitacea family that are commonly used by
traditional healers in Southern Africa.
Roots and tubers are used to prepare concoctions, which are
readily prescribed, for the treatment of ailments like epilepsy,
kidney and bladder complaints, etc (Hutchings et al., 1996).
Recent reports indicate that crude extracts of R. tridentata had
anti-microbial, anti-inflammatory (Lin et al., 1999) and anti-
proliferative (Opoku et al., 2000) activities. R. tridentata extracts
had been shown to have pharmacological actions on rat uterus
and ileum (Katsoulis, 1999). Katsoulis (1999) also states that
roots and tubers of R. tridentata are widely used by traditional
Zulu healers for the treatment of birth complications, headaches,
stomach-ache, sores, kidney complications and epilepsy.
The in vitro anti-oxidative properties of R. tridentata sug-
gested that the plant contains compounds with strong radical
scavenging and anti-radical generating activities (Opoku et al.,
2002). Recently the presence of catechins were also demon-
strated in acetone extracts of R. tridentata (Naidoo et al., 2006).
It was therefore decided to investigate the in vivo hepatopro-
tective effects of R. tridentata subspecies cuneifolia, a tradi-
tional Zulu medicinal plant, against CCl4-induced acute liver
injury in rats. The variables investigated were the enzymes
alanine aminotransferase (ALT), aspartate aminotransferase
(ASP) and glucose-6-phosphatase (G-6-Pase). In addition lipid
peroxide (LPO) levels of liver homogenates as well as liver
microsomal fractions were determined as malondialdehyde
(MDA) levels.
2. Materials and methods
2.1. Plant material
The roots of R. tridentata (L.F.) Wild and Drum subsp. cu-
neifolia (Eckl and Zeyh) N.R. Urton were collected from the
University of Zululand medicinal plant garden. The plant was
identified by Mrs. A. Hutchings (Department of Botany,University of Zululand) and confirmed by the National
Botanical Institute. Voucher specimens are lodged in the Botany
Department at the University of Zululand (Twinstreams,
Mtunzini, 2831DD). The roots were thoroughly washed and
chopped into small pieces (approximately 2–3 cm). These were
dried at 50±2 °C for 2 days (Lin et al., 1999). The dried roots
were ground into powder (2 mm-mesh size) and stored in a
sterilized brown bottle at 4±1 °C until use.
2.2. Preparation of plant extracts
Twenty grams of the dried root powder were extracted with
distilled water in a Soxhlet apparatus for 24 h. The aqueous
extract was filtered through Whatman No. 1 filter paper, freeze-
dried and stored at 4±1 °C. When required the freeze-dried
material was dissolved in physiological saline (5 mg/100 ml)
(Lin et al., 1999; Erdemoglu et al., 2006).
2.3. Chemicals
Unless otherwise stated, all chemicals used were obtained
from Sigma Chemicals Co. Ltd., Poole, Dorset, UK.
2.4. CCl4 intoxication, plant extract administration and
sample collection
The investigation was conducted in accordance with the
internationally accepted principles for laboratory animal use
and care as found in the US guidelines (NIH publication #85–
23, revised in 1985). The investigation was approved by the
Ethics Committee of the Faculty of Science and Agriculture of
the University of Zululand.
Thirty-two male Sprague–Dawley rats (5 weeks old;
weighing between 80 and 100 g) were housed in single cages
at 24±1 °C on a 12-hour day/night regimen with access to a
balanced diet and water at libitum. They were divided into 3
groups: group 1 (4 rats; control olive oil group), group 2 (16
rats; CCl4 group) and group 3 (12 rats; CCl4+R. tridentata
extract group).
The rats in groups 2 and 3 were intraperitoneally injected
with 1.0 ml/kg body weight CCl4 (dissolved in olive oil, 1:1)
(Ohta et al., 1998). The administered dose was according to the
Reference Dose for Chronic Oral Exposure (RfD) as recom-
mended for carbon tetrachloride (CASRN 56-23-5) (Bruckner
et al., 1986). Group 1 received the same volume of olive oil
(control group). Treatments were staggered to facilitate easier
administration and to allow time for the immediate processing
of samples after sacrifice. Two hours after the CCl4 intoxication
the group 3 rats were administered 1 ml/kg body weight of the
plant extract (5 mg/100 ml) by stomach tube (Ohta et al., 1998).
The plant extract dose level administered, was based on the
results of a previous investigation (Opoku et al., 2002). All the
rats had access to water and food ad libitum.
Rats to be sacrificed 2 h after the administration of olive oil
or CCl4 (group 1 as well as 4 rats from group 2) and at 24, 48
and 72 h (4 rats from groups 2 and 3 at each of the time
intervals) were anaesthetized with pentobarbital sodium (6 mg/
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drawn into a syringe from the abdominal aorta. The blood was
allowed to clot at 4±1 °C and then centrifuged (2000 rpm at 4±
1 °C for 10 min to collect serum (Beckman GPR bench-top
refrigerated centrifuge).
The livers from the anaesthetized animals were immediately
excised, washed in ice-cold 0.15 M KCl and weighed after
blotting out excess fluid. Liver homogenates were prepared
using a glass Potter–Elvehjem homogenizer at 4±1 °C in a
medium containing 9 volumes 0.15 M KCl–1.0 mM EDTA.
Portions of the liver homogenates were centrifuged at 4±1 °C at
900 ×g for 15 min to remove the nuclei fraction; 15,000 ×g forFig. 1. The effect of R. tridentata on (a) serum ALT concentrations (IU l−1 min−1
g−1liver), (d) LPO levels (MDA nmols g−1 of liver microsomes) and (e) G-6-Pase con
2 h with CCl4 and CCl4+R. tridentata extract, after 24, 48 and 72 h. Values are mea
treatment; (Fig. 1e) Olive oil (control) significantly higher than CCl4 treatment, Pb0.
CCl4 treatment; (Fig. 1e) Treatment CCl4 + R. tridentata extract significantly higher th
extract.15 min to remove the mitochondrial fraction; and then at
100,000 ×g for 30 min to obtain the microsomal fraction
(Beckman TL-100 Ultracentrifuge). The microsomes were
purified by 2 cycles of washing (rinsing) in the homogenizing
medium and centrifugation (Ohta et al., 1998; Toda and
Shirataki, 1998; Toda and Yase, 1998). The microsome pellets,
the liver homogenates and the sera were stored at −80 °C.
2.5. Chemical analysis
Serum samples were used to determine the concentrations of
ALT (Hørder and Rej, 1983) and AST (Rej and Hørder, 1983).), (b) serum AST concentrations (IU l−1 min−1), (c) LPO levels (MDA nmols
centrations (μg−1 of liver microsomes) of rats treated with olive oil followed after
n±SD for 4 rats. † (Fig. 1a–d) Olive oil (control) significantly lower than CCl4
05). ⁎ (Fig. 1a–d) Treatment CCl4+R. tridentata extract significantly lower than
an CCl4 treatment, Pb0.05.▨ Control olive oil,▪ CCl4,□ CCl4+R. tridentata
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quantify the concentrations of the enzymes. The enzyme
concentrations are expressed in IU/l at 30 °C.
Lipid peroxide (LPO) content of the liver homogenates and
the microsomal fractions was measured as malondialdehyde
(MDA) levels with the thiobarbituric acid (TBA) method
(Aruoma et al., 1993; Tripathi et al., 1995). 1.1.3.3 tetraethoxy
propane was used as standard and absorbance read at 353 nm.
G-6-Pase concentrations of the microsomes were determined
according to the method of Swanson (1955). The activity is the
amount of enzyme required to release 1 μmol of inorganic
phosphate from glucose-6-phosphate (substrate) per min. In-
organic phosphate was determined by the method of Gold-
enberg and Fernandez (1966).
Total polyphenol content of the plant extract was determined
(as gallic acid equivalent) according to the method of Swain and
Hillis (1959).
2.6. Statistical analysis
All data are expressed as the mean±SD. The results were
analyzed statistically using two-factor ANOVA without repli-
cation (Microsoft Excel Analysis Toolpak) with Bonferroni's
post hoc tests, (Pb0.05 was regarded as significant).
3. Results
3.1. Total polyphenol content
The yield of the aqueous extract was 12.76% (w/w dry
material) and this contained 2.28 mg polyphenol/100 ml.
3.2. ALT and AST concentrations
The concentrations of ALT and AST in serum are pre-
sented in Fig. 1a and b respectively. The concentrations of both
enzymes were elevated significantly (Pb0.05) after CCl4
injection. The ALT (Fig. 1a) and AST (Fig. 1b) concentrations
peaked 24 h after the CCl4 injection (+109.6% and +77.5%
respectively). The administration of the plant extract to the CCl4
intoxicated rats resulted in significant lowering (Pb0.05) of the
enzyme concentrations at all intervals measured. After 72 h no
significant differences (Pb0.05) were observable between the
ALT and AST concentrations of the CCl4+plant extract treated
animals and the olive oil (control) treated animals (+3.2% vs
+25.9% and +8.9% vs 31.4% respectively).
3.3. LPO levels in liver homogenates and liver microsomes
It is apparent that the LPO levels in the liver homogenates
(Fig. 1c) and the liver microsomes (Fig. 1d) were significantly
higher (Pb0.05) in the CCl4-intoxicated rats than in their con-
trol counterparts. The LPO levels in both the liver homogenates
(Fig. 1c) and the liver microsomes (Fig. 1d) peaked 24 h after
the CCl4 injection (+88.4% and +70.6% respectively). The
LPO levels were significantly lower (Pb0.05) in the plant
extract administered rats. The administration of the plant extractto the CCl4 intoxicated rats resulted in significant decreased
(Pb0.05) LPO levels at all intervals measured. After 72 h the
respective values were +12.8% vs +30.1% and 14.6% vs
+30.3%).
3.4. Microsomal G-6-Pase concentrations
Fig. 1e shows the microsomal G-6-Pase concentrations in the
CCl4-intoxicated rats. G-6-Pase concentrations were signifi-
cantly lower (Pb0.05) in the CCl4 administered rats than the
control animals with the lowest concentration recorded 24 h
after CCl4 intoxication (−45.1%). The enzyme's concentration
was significantly elevated (Pb0.05) in the plant extract treated
rats at all intervals investigated. After 72 h the G-6-Pase con-
centrations were 19.1% higher than that of the control animals
which is indicative of a super compensatory effect. It is worth
noting that the pattern of the enzyme's concentration profile was
contrary to that of the other variables investigated (Fig. 1a–e).
4. Discussion
Hepatoprotective studies showed that plants have active
ingredients that are capable of free radical scavenging in living
systems (Mitra et al., 1998).
According to Navarro et al. (1992) most plants contain
polyphenols as antioxidative compounds. The relatively high
polyphenol content of 2.28 mg/100 ml observed for the crude
extract of R. tridentata is indicative of potential antioxidative
properties (Opoku et al., 2002).
The use of CCl4 to induce liver injury is well-documented as
is the use of ALT and AST as marker enzymes (Venkateswaran
et al., 1998).
The results obtained in the present study regarding the effect
of CCl4 intoxication on the concentrations of ALT and AST are
in agreement with those reported (Berry et al., 1992; Mitra et al.,
1998; Romero et al., 1998). Studies by Romero et al. (1998)
show that CCl4 intoxication induces changes in the process of
protein synthesis and the levels of DNA are decreased and this
is accompanied with increased concentrations of ALT and AST.
The same pattern of concentrations of ALT and AST were also
observed during a recent study investigating the effect of
pumpkin seed protein isolate in CCl4-induced liver injury in
low-protein fed rats (Nkosi et al., 2005). However, the reduced
concentrations of ALT and AST as a result of plant extract
administration observed during the present study might prob-
ably be due in part to the presence of catechins in the extract
(Naidoo et al., 2006). It is hypothesized that enzymatic
oxidation of CCl4 to a
•CCl3 free radical within the membrane
triggers the progressive destruction of polyunsaturated fatty
acids (PUFA) ultimately leading to membrane destruction
(Halliwell, 1991).
Recent studies have shown that extracts of R. tridentata
inhibited in vitro ascorbic acid/Fe2+ catalyzed lipid peroxidation
in rat liver microsomes (Opoku et al., 2002). The recovery of the
liver injury in the plant extract administered rats could there-
fore be due to the anti-peroxidative properties of the plant
extract. It is thus speculated that the hepatoprotective effect of
376 A.R. Opoku et al. / South African Journal of Botany 73 (2007) 372–377R. tridentata may be due to inhibition of •CCl3 formation or the
radical peroxidation of membrane lipids.
The observed increased LPO levels as reflected by the
elevated levels of malondialdehyde in liver homogenates
and liver microsomes as a result of CCl4 intoxication during
the present study are in agreement with previous reported
observations (Ohta et al., 1997, 1998). The results obtained
during the present study are also in good agreement with
the findings of a recent study in which the anti-oxidative
effects of pumpkin seed protein isolate in CCl4-induced liver
injury in low-protein fed rats were investigated (Nkosi et al.,
2006).
Lipid peroxidation products contribute to the oxidative in-
activation of G-6-Pase (Ohyashiki et al., 1995).The results
obtained during the present study regarding the microsomal G-
6-Pase concentrations are in agreement with the findings of
Ohyashiki et al. (1995). Ohyashiki et al. (1995) reported that
lipid peroxidation products are able to inactivate microsomal G-
6-Pase. The microsomal G-6-Pase concentrations recorded
during the present investigation are also supported by the
findings of Nkosi et al. (2006).
Based on the results obtained for the variables investigated
during the present study, in which the in vivo hepatoprotective
properties of R. tridentata subsp. cuneifolia, a traditional Zulu
medicinal plant, against CCl4-induced acute liver injury in rats
were investigated, it is apparent that R. tridentata has com-
ponents that have hepatoprotective properties.
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